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mm. 

mimnax^m\ miu-ftftt^tmiji^x'him 
mm-(:>-rt^LfzA&x\ mijm^^ra-y^^ 
m^m^m^i. m^mmizx-^x^^tifc 

mt^(>m^—f'^cr>mi^if?>xd^zm^^iix\''^h 
z b i:m,bthT&m^ru~rm^w., 

ftffftSSrSJU-ri. J: 0 i<zm^^1xX\^tZ b mmb 

wmm^zm-hj^2<7im^nbn-m^zm. 
ztit>^m^m.x'<r)mz^L. ^ti^ix<r)Wj:m 
m^zru-ri:mm^'tt(ifh. ^(r>mm&bmm: 

1jHi)^hr^-r^mi<zmMm'<zih^i:<fioZb 

^msLbti>'^m:rx3-r<rmajm. 
i,zmmrj:ijHznLxmii&.mrmru-v(r>wtm 

i,zM*)mm\zw3mwt-ru-y<r>mm^i)^Wo& 
nnib-m^hzbimLbthmim5<<ztm<r>^ 

ij>itinzmm?mmru-:f<nmm.. ttium 
^s-^ec7)\ ^-ftit^ 1 mizim<^i&i^^ra'-rco 
mjjmizx^xm^tu^mmirxii-y'. 



(2) #^2002-162332 

2 

I. J: 3 (=«««fcSJ«rt-S-:*r. Bfne»RK-«**S^§ 

ro-fb mm.^Mbxv^mi}m^^ii^x oizt 
^ xim^hx\>^izbimib'ri,mmr\3-:f. 
im^m9 ] m^mi iztmcr>is:mm:ru-yim 
i\ ms^mra-r<7>9imim-hm)^Amb^j: 

x3-:fizM Lxmmm<^^j:-rnmm^<r)M^b^j: 
iXdiznt^&xmb. 

mimiz, mm^m<7)mi^i-ij:mb. 

ci«*3ii 0] m^^^rn-y^zx-oxmrnmim 
mtim^m:'ms&miz)i\\x , mmmmirci- 
20 rimm7'-'8(r>\,^-mi)^imizsm<^mm:ra 
-f. t.it\mm9\,zwm5^^mrx3^':f<nm: 

Ltiz. b ^m.b^hmm^msk. 

' m^T.-^h'&mmmt^i:mw,zii\\x. mmm 
±r'Q-ym-m.i-B><n\^^ixt-^\mz%immm 

y<r>mkfimz}s. o-cfm$ii>::)fi««3Kro-yfcj: 

r,xmm.tzz b ^^wb-tvAmsmmm^m.. 
30 [f»^ 1 2 1 )£SEmru-rti oT^$fi<ofeiis 

r 7 - 8 cov 1 «tiB«Ojfig?:® 

, ^ru-ir^ t.fz\mim9\.zmm>^^%ru-f 

[0001] 

mwtmbmm^ra-yffymmm. mmm 
B> Tsm^mMm±iimizm?>i>c7)X'h^. 

^ [0002] 

[fi!*coftffi] j£^, STM (^SShy^vu^ffitM) 
T-o-ys-IS^lC^tLT 1 0 0 nmOT<7)IEJi^T')S^ 

c: t J: 0 , Lxmmmifmmizfii± 

50 -bLX.m.^j±Tx:i-ymff)Wmntpii>i^/f.tii 
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i-xj^^ -y^yh mmm ixmmmmm^m'^^is. 

(OTSNOMtni-?-) [EP0112 
401, DurigfO!, J. Appl. Phys. vo 
1. 5 9, p. 33 18 (1986) ] i«mffi*» 

iiitXMmmt:m^tytV>STM (OTPSTM 
fcBSt) [Reddickflfi. Phys. Rev. B 
vol. 39, p. 767(1989)] i>M%$it 
Jt. ±fBSNOMS:fflVM,0:i:KJ:>). lOOnmJjlT 

yrAf'«r>^^m.^irh-mifm.^ixX\-^h (# 
ffl¥5-24 1 0 76#^?g) . tt:^ 3t7r-YA'.^e 
^•y 136-5 fe«t«T-?-<0-8IJta-^t-^-J»W 

ift^b-rs^^tftig^ixTv^i, (*[iwrFii4 9174 

6 2^BJjfflS). $-c. SNOMtCfcV^TISmffilCj? 
^X'hhi^T-y i[-x^l^^L. ^^i^-^tffioj: 

^mth i i: {c i: 0 tr^ y r >f a'-^ ft(fc 

V^S (*ffl#frm5 6 7 7 9 7 8-^J«BS. ^^¥7 - 

174 54 2-t^l8) . 

[0003] 

J: 3 ^:^fl:§■t^;'::3K7 r vn'j?*^^^.^ himiX:fiy 

fi^S-^TLTi^l.. I18{CC021^— WtOl^tt^ 
^bL^5fe7r-^A' (ittil8'fbt7r^A-8 0 1 ) 

I8^b£7r'f A'B 0 1 i,znLX. ^ti^h'yL^m<7m 
mzC 02 U-if5t8 0 2 SrSSittS t , U-ifWt 

8 0 3 02 !f 3tc7)Bg|ttE||{;A 0 , ^ii^tSil 



(3) #^2 00 2-16 233 2 

4 

?t5t«*«^ll LT5t«*^*3tL* -5 ;^>:J?#t8 0 4 1 . c: 

«iroTt*vK ie«J©3era-yfc Lxnmmm 
[00 04] -e^T\ *%Bj{i. ±isti^*cotc7)Kfeft 

J: "3 «f inil^ff 0 «-^t:. fSW $fL4 U-ifJKt J: -> 

r^i+5feffi*w tT A* I. ^ t j&m^ti, ftv^ii-))? 
10 «3i£ro-yc7)mfrSi:iS^3terD-7'o™i 

imhirh{,<r>X'ht, 

[0005] 

mhtz»)\.z. oro ( 1 ) ~ ( 1 2 ) cOJ: 3(cmL 
20 i)COT'i)S, 

\ ( 1) \^-^%<nm{zii 'omm^m.L. wm. 
^^zn Lxum-^h^imi'itim.nmzmm^ii 

•^mmwAza^^x . mmmntrvt^^tfi^ mi 

v-^^ff)mm:Hm'hhm&-)iHznL. -fhLfzn 

( 2 ) frSffiffjDXtfcV^T, Iftff;^ h yn-^mi 
MB)eJi«3t7-D-7'i0ift{f:ftS^$iJISf l>c:tSr 

3o' mLt^hm ( 1 ) {3tEKtfoifig?j^rD-7'ofm 

X. miMW-Mm^ifi. im^-^'ftmmm'h 
i^mh^^m^L. m^mmzx-^xm^ 

Mix V >y A-(c J: o xmijsmmir^-fcnmin 
mnmthiio^zm^^ixx^yhzttmwtthi. 
12 ( 3 ) ^.z^mmm^ru-ymmm, 
( 5 ) ±fB ( 1) ~ ( 2 ) <r)\YrtimzwisL<rmmt 
ru-r<7)vmm. tti\tm ( 3 ) ~ ( 4 ) cov^^ 
\ tiMzms.mw%st7'u-:rff)m^w,z x xm^ 

mihixrz%^mt motmiizn Lx^^mm^ 
50 mthJMi. Wi^mmthmiffi^mMm 
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( 6 ) mimi<r>mj.mzi5^^x. mtmmbizmm 

■tm&i. m&mtftru-yt:mm-thmmizm 
mh mzm&.mm,ra-y<r)Wi^mm3mi%^ 
rv-:rmi:m^itmmmmizfii tx^j:tn&t 

( 7 ) ±is ( 1 ) ~ ( 2 ) <ov^-fiu&>cieaojfisj©3fe 
ru-y'eomiTm. ttiiiia ( 3 ) ~ ( 4 ) eo\.^-f 
tii}Hzim<r>'mm:ra-y<r)i'p^m. ^/sJi±fa 

( 5 ) - ( 6 ) (r)\.^-nxMzim(^mm.ra-y<o 
mijmizx-:>xm^iif:mm6rv^y, 

( 8 ) ±ia ( 7 ) izsmcom.mm.ra-rizX'yx . 

o^zmiz-m-ri-ij. mssmnz-mm^tifz 

mm:rv-y<r>m&mzm^bx. mmt^ra 
-ymmkmtx'v^mmm^ixixdiztxm 

( 9 ) ±ie ( 7 ) ^ztm<D)&mttra-ym\'\ m 

■tuz^,i. mmm:r\:>-'/izntxmmm 

t?>zb i'mt-t^i6.m^y'^3-y<7)im:m. 

(10) jmm:ra-yizX'yxMmmim:-t& 
mmtK^iwmi>zii\,^x. ms&mmmru-y^± 

IE ( 7 ) ~ ( 8 ) cOV^ftl*HcfSKOifigfi®3Kra- 

ttznm ( 9 ) izMm<mmm^rn-yff)im 
ifmiz^ ^xim^tif^immmira-yizX'^xm^ 

(11) m^ra-yizx-oxmnxmmmMx 
■r&i&^mmii\nMmzii\,yx. msmmmrti 
-y^isi ( 7 ) ~ ( 8 ) ^\^'rtiMzmtff>m^yt 
TD-y, tfdim ( 9 ) iztm<oi&m^ra-r 
coim-mizx -> xm.'^M::-&mitru-y\.zi.'> 
xm. Lfzz b imibti>mmMmijajMm.. 

(12) mmiro-yizX'oxmsiffymm^i:^ 
ymmMmM±mmizi5\,^x. m^is^m^rxj- 

yi±si ( 7 ) ~ ( 8 ) (OV^-m*<ESJO)5^3tr 

rt-T: t-f^ii±u ( 9 ) izmtcmmmirci-ycD 
mum^zx-oxim^tif^mmira-yizX'yx 
m&i:f^z b i:wmbi'mmmMm^, 



(4) !|f^2 00 2-1 6 2332 

V 6 
[0006] 

immmmm] :^m<^mmmizi5uxii. 
^?mo±simmmmi-izbizx*). Mx^-^m 

imzbizx*). muizx &5fesgo*.^ 0 imfi z 
bi}^x'^. m^^^mmmm^rv-r^imt^z 

biMmb^j:l. 
10 [ 0 0 0 7 1 

immm] jjitc, ^m(7)miMmiz-y^^xmm\>^x 
1 0 0 0 8 ] H 1 {i. :^mM<ommm^zm&^^mi^^ 

laitcfcv^T, ionm&2 0Mm<7)Pi&^^m^^ 

^ W^SiBlllRfl3K7T>fA*A'CS)'). 102{i|S|t<jSS 

2 0/im<ORtt^«»tt(0«-fk3t7r^VN-BT'*^. 

[0009] «jbK7r^>'N'A 1 0 iffy^mi. mm 

20 ^g3f!5 1 M mOT* -CHUJ^I^tC^ISgl^bS*!. 1 0 
3S:fl|jSLTV^5, iNe«Kbe7r-f>>'Al 0 icO^Hfc 
«±ji3effl«0/i*^<?)^Jla-T^ y/fc UT. JUf 1 5 0 
nmOjg^tfflAl a— r>f y^^l 04*«te$ttTV^S. 
$g#f- 1 0 3 m^iZlt. E@3&< 1 0 0 n mUlTO*# $ 

(om^mn i o 5*«iS{t4>ii-c»r^i.. m^^fftyr-t^-^ 

\ A 1 0 1 (O^fe^a^tCW-fb^t^ r ^ A'B 1 0 2<^-ffi 
*<S^«^JB 1 0 6T'«-g-$iX, m^^l 0 7 Sr«iaL 
TV^S. *H«'fbK7r'f>'N'Al 0 lco«7cgS^«3Krn 
-:^S1^«1 0 8{Cjg«ijA 1 0 9TllS$i^•CV^ 
30 S. W€^t7r'fAB10 2O«^gg^l0 7tR*t 

fflcofl!s«aM5To-yij#a«ii 0 8izmmc 1 1 o 

[0010] ±Micr)m^l>zX 0 , W'(be7 r >( >'>'A 1 

0 nzm<^iz^-txV]{^'^comiai^^^t^ittzb 
' izxr>x. m<mi[io3miixi}mzm«imb 

Lti-'L^j:ifit>. ffl|g^bt7r^>'N'Bl 0 2*iV^ 
m\,zi^^^flX\^htzib. y1}^^<m'0^mi'>^-^£ 
< 0 . 8i#t 1 0 3a55)-cOy*|(il^<7)|5<aat,jN$ < -f 

40 [0011] mm.mmb lx , 2 0 

iniosffl^{bfe7 r ^ A'A 1 0 1 m/^ imimy r 4 

A'B 1 0 2mm^^b 3Kro-r^d$fflSl 0 

^ Qi)>htm^yr^f^A\oim.imim.yr>^ 

A'B 1 0 2*<5g^aiTV^|,:g$$:l^-mi, 5 0 0;um. 
«IIS'fbl£7T^>'N'A 1 0 1 bimm:yr>{/^^ 1 0 2 

mAi20fi/mb*j:hffiiznL. y^TlSjcO^tcMI- 
S5ltt^{±2 0 0 0 0 N/m t 1 0 0 0<gtB|<i5: 

50 zffit^»>. ntxo^j:i]m'ahi,%^\,zmno3 



11/17/06, EAST Version: 2.1.0.14 



7 

[0012] imn:^yT^^<A i o i ffymTtma. 

S-li-l. ^ t tci 0 . a/hlBP 1 0 5 i-(>W&Wtt:m. 

[0013) iJ:(cB2~ia4 SrfflV^T. ^USSMtfcJt 

•rSEIt'S)!.. 5 0mmgJgc7);g$O«B'\#^L^>:3fe 
7r-^A'20 3cD5feS*»'5l OmmgSS:T7oy (S 
) ^2 0 1 rt<OX -y f-y^?K2 0 2 tjf iPIS-i*- 

S. ^-7 7^2 0 4^*^ 2 5 Mm, 372 0 5^*^2 

ICGeOtim&iemo 1 %TH-rL/ct<OT* 

[00 14] Xyf-y^^S2 0 2<?Dffl|RI±. NH4F 
(40%mm) :HF (50%mWL) :H20=1 

0:1: IX'hl. 7l£7r^A'203^X-yf-y/^2 

0 2i,zmm-tt k . imm^(oify y H&r^ar*>x.y 

i-yi/$jx. ll4'iOX yf->'/]i(tJc7)3t7r'fA-2 0 9 
tcS^-r J: 0 fc^ 7 -y h'fl*i/h$ <^?. b b tfc:3r5t« 

( 1 ) G e 02 *i K-r §it-C I 3 rgP^a-Ji;? 7 -y K 
SR^J-fcJt'^Tx >y ^ViTV- Yif^\\Z. bb. (2) tit 

ixizmmr^-^t^bx-mnm^t. mwis\^bmmjj^ 

bffMX:t.'y^>yv-Vt'^m^j:h:L bcoi-^ijmmb 

b. x-y^y^ici o^?7-y vmm<^j:^x^r^ 
^mmi (3Tsaia5^2 06) , nmmz^mitt 

t. 

[0015] m±<OlSt J: 0 , mg2 O/imtOnrH 
2 0 1 /< mJaT<05l^fil{ba5^ 

2 0 8 Ir^tS Rlt^^c05feaj^S:fiK>«bfe7 r ^ 

3K7T-Y>'N>';^T-yr^ Vr-y ^'X (SI) 

S. 7C<^7r>fAW^-<T y H-<)^T>/^'>^ 

(Gi) m.(n%^\t. on^mt^-t-t^to^mz^t^'^ 
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[0016] lJLtJiBBL^<J: 3 nT^iStBt-SSt' 
x.y ^y^^S-ff a ^1 1 J: *)^t:,tihmmc%y r ^ a' 

9iM\.zmmmkmmm^x'%. m^mtbm 
^ mY^y r -f mm(r)mw&^z^mi,zn ixmm 

hnmt^^immf.zii'yx. ftt^mL'mm&m 
m\^'rtm.im< ^j:tzbm<. ^^j:mix^tii 

10 dzbmmxf>&i:iib.mL(^m.<nx'/^yi^mi 

^m^zm^^^zbi}^^j:<. oxhmm^ti^, 
[0017] mz. ^mmmi>zmhyty r^^<-<r)9t 
m^zm6^wmnt:^i-&mm,ra-rmm 

\ ffitcov^TfiHB-ri., msizirctiotzmH^yr^ 
A' 3 0 1 izM IX <^'m 3 0 3 HI 0 izmm •*'5r**<^>« 
l5^i)^tjh l||«3 0 2^fifV\ Jf^l 50nmOig3K 
fflAl|g3 0 5&m-f*. iHlll'fbK7r>fA'3 01<^ 

20 KJ¥*«tit'^-CS < =Srl. , 3t^^P 3 0 4 *>' 
m^^ixh. Zff)b^m:^m-AX\t^ 9i^<r)tm^ 
bmmn^X'hh. z<7)XoizLx'£mytra-y 
' imit^m. mSiitiftyr^y^<r)m\biimm^ 

iz+m^^(r>^yr>(^'ii:mmi. zm^yr^ 

[0018] Mz. ±ia<7) J: 3 tJgJS3ti;tjfi^3l3tr 

Sl^liQi^ffifi-fit*** t^t.^ J: 3 \Z'f hf::)^><TiimmiZ 
30 OV>TiaBJri). S^tCfcV^T, 3t7r'fA'J?>t'<>yh 

t-f. 1117 (a) {cs^tJ:3{:xT-7*-;^:^r^c7) 
ffiMSiJSi-C'«i, s£fl«ffii 7 0 1 {cife^^jficJltTEa 
L!t3l£rD-7' 17 0 2 (lexysg^^ l 7 O 3 SrSX •)# 
tt, ll+x:fr|6iC5K7-o-7'17 0 2$:«ij§ii:l,, ^ 

@f «>&0 17(b) tcS^L/tr^epoJ: 3fc:x*i6itffi 

■}i^b yii^m.Mzmhm.'m.muztsii, , ^ 
<oyi46, •x.fmzmi'th 0 ^\zyw\<rmm'mim 

a 1 7 ( c ) t^ti 3 lC3feru-7"5tffl*i<t 
n^it^IIHgUcO, 017 (d) {C5^-rJ:o{C80#^ 

-mSriSClL. SNOMS:fflV^^|^M5»Jio:-aMi<^ 

[0019] i/c, 3K7T-fA'J^t'<.yhSr^€§ 

50 ^ffilCTD-y^t^S-gfftli^-iJ:, yryT)VV-)VX-)\ 
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}zmtff)-y1jl^izmi^^:^tl. ^rn- 
f^ti^-ylff^izmth^mzl. SNOMSrfflv^ 

[0020] ztii,ziiLx, :mmmcoi d {z. ^i<m 
mi\^yT^^<imBcr>x 0 iz txm& Uzmit^y 
r ^ ^-^(om&mzv^mm^^tii x o tc^-^-rs 
z t x\ um^<om\^<o&xnim±'t& z.tifi 
i5rtgi:=5:i., mmz\i. mA\,z7r^^m.m\^x . z 
tit x-mm Ltzx 0 iz ixi^m Ltimm\:^y r ^ a a 
4 0 1 fc . mm^zit^J:•yi^y■/im\^xmm:in•o 
t:m<^mwti}:^y r ^ ^n'b 4 o 2 1 $r v^j^t^^-r 
5. t-r. ««^jA4 04&fflv^T, mmt%yT^j< 
A4 0 1 ira-r^^miA osizm&t^. mzm 

ilSMbfe7 r >f >'N*B 4 0 2 ^ X y z eXy—i^A 0 5 t=T 
-r4 0 6T-iRihi6L. ffligflSt^r-Y a'B4 0 2<05fe 
SC««S'JB4 0 7 2rM^p-r'S. ftj^l-. ll+zSri6l& 

t-^'-L^r**^. xyzXf- J^'4 0 5S:igl!)L,, iffl 
Jl-fbfe^ r ^ A'A 4 0 1 

«»JB 4 0 7*>mSiU:«fKI'fl:3t7 r -f A'B 4 
0 2co$feW< S ct ^ (cffiS^iyfrS:^TV\ m^iff 
0, +^{C^fJB4 0 7*WUcc?)^>t, T-T4 
0 6S:KIA--t. «^JC4 0 8^fflV^-C, W^be7r 
A'B 4 0 2 «rra-y^^4 0 3 tll^S . 

c 0 0 2 1 ] mmm^^xv^m-^'^o 

mmmiyf:Lr.i*^. icOfl6{^i,2*iOlt«€S?:lSlA>V^ 
-&*>-li:^ciatc«^gI5:M-SriftSL, 2*(0#+4^ffiratcSc 

^^:Ji-{cc 02 u—f-t'-Aimtxu-'f-m 

[0022] ULhWISteJ: i^f^J UstV^j^coifiSMS 

mmwMmmm5iz5iii-. ms^zni^xv^mff) 

iSm^rv-ys 0 1 ^^fif-ri.Tn-:/jmS«C5 
0 2S-txyi|^5 0 3fcK')#(t, 7ry^i/3>'y 
xA-\y-950A *>'c>I5£^fi#5rEP3D-rS i t J: 0 

»S: v^}eoiSi?mrn-y 5 0 1 <ox^riftiwji*fc 
1 5fe«**ftfi-r-s. . c: nmminmm.r\^-zr5 

0 15feJSjfi^{:y*[fil*»^>W— TB 5 0 5tf>h\^-^^ 



(6) !|t^2002-l 62332 

1 0 

g5^rn-y 5 0 1 5fcffiOjeKlftfc«JEL!tfi-f Sraj 

[0023] -n. v^immmir^-r5 o i «o 

5fe^txy zXx-x5 0 7±tc:ifiiLfcS?f45 0 8^ 
' m^lOOnmaTco^mtX')&-:}ifl. Zcr>kt.j& 

WMiy°a-y5 0 1 (D^kums o smmtcrimiz 

i^T-yt~x {yryfjv^-jvx-h) *<#fflL, ifi 
«ii3KrD-7'5 0 1 %mfr>mi(r>w^m<H-h . ; 

10 y-ayi^x^-^W- ^'5 04<0#M^#^tfc{CD-/^'-< 

$lJfflIl5lfS5 1 0?:ffll,->rxy zXT-i/'5 0 7<^z:^r|6l 
7^-bVN--!,7SBgfJffllS:tTa. ZCOtt. zSr|6l7-f 
' -HA'./:5'gg(i$iJ19m-t«, |S|l${cS:^5 0 8«iii<0J^ 
«ft^t LTny ti-:? 5 1 7 {CA:'3§ixl.. 
[ 0 0 2 4 ] § /i>ii. )£««3ferQ-7'5 0 1 tc^gEL 
!t3e7r'f A'5 1 IfcU— f A5 1 2*>4><DV-if3t^ 
^Ttl^^XAS 1 3-CAtfL, iS«:»7K7-o-P'5 0 1 

^mzm\'fhtirm.A>'mut-^'h>w&m.i%^^^h. 

20 icO)fijgJ®5t5rlS^45 0 8^fflt'm§-t. icOitSBt 
5 1 4Srm3tl^yXB 5 1 St^jfcL. 3fe«i^Jifgl?5 
> 1 6Tmt ^. 3fe«?lifg^5 1 6*^f>{fJ^jS<tS3£ 
y t A-:? 5 1 7 {zK^th . 
[0025] 3yeA-:J'517*»^>{4xyz;^T->'' 
5 0 7c7)x y:tri6]^fi-^*>'tii:»j IfilBf 5 0 S^ffl 
I.zm-himwtra-yr5 0 1 5fcS£7){4St=^Et:T. 
)fiS!J®7fefi^2iit/?ei^cfi-t<7);*:# $$:7-'^;^7V>f 5 1 

8±tv>y ty^^-rs t {= J: 0 , m^i^mm^ 

30 ZhtiK'^h. 

' [0026] imLfiv^mz^^^ixf^m^i^ru 
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* NOTICES * 

JPO and NCIPI are not responsible for any » 
damages caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the production equipment of the production approach of 
an approaching space light probe, and an approaching space light probe and an approaching space light 
probe, an approaching space optical microscope, approaching space light micro-processing equipment, 
and an approaching space optical recording regenerative apparatus. 
[0002] 

[Description of the Prior Art] By bringing close the probe which sharpened the tip to the distance of 
lOOnm or less to a sample in recent years by progress of the SPM (scanning probe microscope) 
technique represented by STM (scanning tunneling microscope) and AFM (atomic force microscope), it 
becomes possible to raise the resolution as a microscope by leaps and bounds, and the thing of an atom 
or molecule size can be observed now. It is also related with light. As a family of SPM The approaching 
space optical microscope (it omits Following SNOM^ [J.Appl.Phys.vol.59 besides EPOl 12401 and 
Durig, p.3318 (1986)] which investigates a sample surface state using the EBANESSENTO light which 
oozes out from minute opening of the acute optical end of the probe. Incidence of the light is carried out 
on condition that total reflection through prism from a sample rear face. The photon STM (it omits 
Following PSTM) [Phys.Rev.B vol.39 besides Reddick, p.767 (1989)] which detects the approaching 
space light which oozes out to a sample front face with an optical probe from a sample front face, and 
investigates a sample front face was developed. By using Above SNOM, a minute field lOOnm or less 
can be accessed, and optical information can be detected. As the production approach of the optical 
probe used for SNOM, chemical etching of the optical fiber is carried out, and the approach of being 
radicalized in the tip of an optical fiber is proposed using the difference in the etch rate by the difference 
in the quality of the material of a core and a clad (JP,5-241076,A). Moreover, the approach of being 
radicalized by fusing the part by heater heating, or laser radiation and discharge, and extending it, where 
an optical fiber and a pipet are pulled is also proposed (U.S. Pat. No. 4917462 specification). Now, some 
methods are proposed as a method for controlling the location of the optical end of the probe to a sample 
front face in SNOM in distance of lOOnm or less which an operation of approaching space light attains 
to. The 1st method is a shear force method which performs distance control so that an optical probe may 
be vibrated in parallel to a sample front face, the shear force which is the Van der Waals force of the 
longitudinal direction committed between the optical ^end of the probe and a sample front face may be 
detected and this may be kept constant, the 2nd method detects the Van der Waals force committed 
between the optical end of the probe and a sample front face, and the force between atoms, using the 
optical probe of a cantilever form as an optical probe, and keeps this constant - as ~ a distance system - 
- it is the AFM method to hold. Here, as an optical probe of the cantilever type used for an AFM 
method, the tip of a pipet or an optical fiber is processed, optical minute opening is formed at the tip of a 
projection, and the method of bending a pipet and an optical fiber and giving the fimction as a cantilever 
is fiirther proposed by irradiating C02 laser Hght etc. (a U.S. Pat. No. 5677978 specification, JP,7- 
174542,A). . 
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[0003] 

[Problem(s) to be Solved by the Invention] However, in the optical probe production approach which 
bends and cantilever-izes the above optical fibers and pipets which were radicalized, it has the following 
troubles. The example which supported horizontally the optical fiber (thinning optical fiber 801) which 
was radicalized on the occasion of the C02 laser exposure to drawing 8 is shown. In drawing 8 , if the 
C02 laser light 802 is irradiated from a tip for a while to the thinning optical fiber 801 supported 
horizontally in a front location, the laser beam exposure location 805 will fiise and it will bend above 
[ in drawing ]. Consequently, the probe tip 803 which was radicalized in the chemical etching of a last 
process goes into the exposure range of C02 laser light, and serves as the probe 804 to which the 
radicalized tip fiised and the tip was round. Consequently, the diameter of opening formed with the 
below-mentioned opening formation process will also become large, and the resolution as an 
approaching space light probe will fall 

[0004] Then, this invention solves the technical problem in the above-mentioned conventional thing, and 
when the exposure of a laser beam performs bending, an approaching space light probe It is prevented 
ttiat a probe tip fuses and is round with the laser beam irradiated. It aims at offering the production 
equipment of the production approach of the approaching space light probe which becomes possible 
[ producing the approaching space light probe of high resolving power ], and an approaching space light 
probe and an approaching space light probe, an approaching space optical microscope, approaching 
space light micro-processing equipment, and an approaching space optical recording regenerative 
apparatus. 
[0005] 

[Means for Solving the Problem] This invention offers the production equipment of the production 
approach of the approaching space light probe constituted like following (1) - (12), and an approaching 
space light probe and an approaching space light probe, an approaching space optical microscope, 
approaching space light micro-processing equipment, and an approaching space optical recording 
regenerative apparatus, in order to attain the above-mentioned technical problem. 

(1) The production approach of the approaching space light probe characterized by to fuse an exposure 
part by the exposure of a laser beam, to perform bending at a predetermined include angle for a part for 
the point which has a probe to a part for root Motobe, and to perform bending as said approaching space 
light probe receives the exposure of this laser beam from the shifted include angle to the perpendicular 
direction which is the direction of radiation of said laser beam in the production approach of the 
approaching space light probe which produces an approaching space light probe. 

(2) The production approach of an approaching space light probe given in the above (1) characterized by 
stationing a bending stopper and restricting the angle of bend of said approaching space light probe in 
said bending. 

(3) In the production equipment of the approaching space light probe equipped with a bending means to 
bend a part for the point which fuses an exposure part by the exposure of a laser beam, and has a probe 
to a part for root Motobe at a predetermined include angle At the include angle which said bending 
means shifted from the perpendicular direction which is the direction of radiation of said laser beam 
Production equipment of the approaching space light probe characterized by being constituted so that the 
approaching space light probe which has the support means which supports said approaching space light 
probe, and was supported by this support means may receive the exposure of this laser beam from the 
direction of radiation of this laser beam, and the shifted include angle. 

(4) Production equipment of an approaching space light probe given in the above (3) characterized by 
constituting said bending means so that it may have a bending stopper and this bending stopper may 
restrict the angle of bend of said approaching space light probe. 

(5) The above (1) The production approach of an approaching space light probe given in either of - (2), 
Or the approaching space light probe produced with the production equipment of the approaching space 
light probe of a publication by either of above-mentioned (3) - (4) is used. The process which forms a 
protection-from-light ingredient to a part for a part for the point bent by said bending, and this root 
Motobe Dividing into two steps of the 1st [ to a part for this point ] membrane formation process, and 
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the 2nd [ to a part for this root Motobe ] membrane formation process, and rotating a probe to the 
circumference of each different shaft on the occasion of membrane formation at each [ these ] membrane 
formation process The production approach of the approaching space light probe characterized by 
performing membrane formation by the protection-from-light ingredient on a probe front face from a 
direction perpendicular to the revolving shaft. ^ 

(6) In said 1st membrane formation process, the include angle which supports a part for root Motobe of 
said approaching space light probe to a direction perpendicular to said revolving shaft The production 
approach of an approaching space light probe given in the above (5) characterized by making it in 
agreement with the include angle which the amount of [ of this approaching space light probe ] root 
Motobe makes to the sample front face which this approaching space light end of the probe is made to 
counter in case it attaches in the equipment which uses this approaching space light probe. 

(7) The above (1) Approaching space light probe produced by the production approach of an 
approaching space light probe given in either of - (2), or the production approach of an approaching 
space light probe given in either the production equipment of an approaching space light probe given in 
either of - (4), or above-mentioned (3) above-mentioned (5) - (6). 

(8) While supporting to a substrate so that the tip of this approaching space light probe may become the 
above (7) with the free end of a cantilever with the approaching space light probe of a publication The 
approaching space light probe characterized by joining the other end of a cylindrical member different 
from this approaching space light probe with which the end was supported to said substrate near the tip 
of said approaching space light probe, forming V typeface, making and consisting of this approaching 
space li^t probe and this cylindrical member. 

(9) The process supported to a substrate so that the tip of this approaching space light probe may 
become the above (7) with the free end of a cantilever using the approaching space light probe of a 
publication, The process joined so that the include angle which it faces joining the end of a cylindrical 
member different from this approaching space light probe near the tip of this approaching space light 
probe, and this cylindrical member makes to this approaching space light probe may tum into a 
predetermined include angle, The production approach of the approaching space light probe 
characterized by having the process which supports the other end of said cylindrical member to said 
substrate. 

(10) The approaching space optical microscope chara^cterized by constituting in the approaching space 
optical microscope which observes a sample front face with an approaching space light probe with an 
approaching space light probe given [ said approaching space light probe ] in either of above-mentioned 
(7) - (8), or the approaching space light probe produced by the above (9) by the production approach of 
the approaching space light probe a publication. 

(11) Approaching space light micro-processing equipment characterized by to constitute in the 
approaching space light micro-processing equipment which carries out micro processing of the 
processed surface with an approaching space light probe with an approaching space light probe given 
[ said approaching space light probe ] in either of abc^ve-mentioned (7) - (8), or the approaching space 
Ught probe produced by the above (9) by the production approach of the approaching space light probe a 
publication. 

(12) The approaching space optical-recording regenerative apparatus characterized by to constitute in 
the approaching space optical-recording regenerative apparatus which performs informational record 
playback with an approaching space light probe with an approaching space light probe given [ said 
approaching space light probe ] in either of above-mentioned (7) - (8), or the approaching space light 
probe produced by the above (9) by the production approach of the approaching space light probe a 
publication. 

[0006] ^ 

[Embodiment of the Invention] When fiising a processing beam exposure part and performing bending 
of a cantilever form contiguity place light probe by applying the above-mentioned configuration of this 
invention, Mari Maru at the tip by melting can avoid and it becomes possible in the gestalt of operation 
of this invention to produce the approaching space light probe of high resolving power by performing a 
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processing beam exposure to the processing beam direction of radiation at the include angle which 

shifted the approaching space light probe from the perpendicular. 

[0007] 

[Example] Below, drawing is used and explained abolit the example of this invention. 
[0008] Drawing 1 is drawing showing the configuration of the approaching space Hght probe in the 
example of this invention, and shows the cross section which cut this probe at the flat surface containing 
the medial axis of an approaching space light probe. In drawing 1 , 101 is thinning optical fiber A which 
has a cylinder cylindrical configuration with a diameter of 20 micrometers, and, similarly 102 is 
thinning optical fiber [ of a cylinder cylindrical configuration with a diameter of 20 micrometers ] B. 
[0009] Radius of curvature is radicalized in a cone configuration to 1 micrometer or less, and the tip of 
the thinning optical fiber AlOl constitutes the probe 103. As metal coating of the sake for protection 
from light, aluminum coating 104 for protection from light of 150nm of thickness is performed to the 
perimeter of the thinning optical fiber AlOl. The minute opening 105 with a magnitude of lOOnm or 
less is formed at the tip of a probe 103 for the diameter. Near the tip of the thinning optical fiber AlOl, it 
is joined with adhesives B106 and the end of the thinning optical fiber B 102 constitutes a part for a joint 
107. A part for root Motobe of the thinning optical fiber AlOl is being fixed to the optical probe support 
substrate 108 with adhesives A109. The other end of the part for a joint 107 and the opposite side of the 
thinning optical fiber B102 is being fixed to the optical probe support substrate 108 with adhesives 
Clio. 

[0010] The displacement of probe 103 part at a tip in x directions is attained by producing the elastic 
deformation to x directions shown in the thinning optical fiber AlOl all over drawing by the above- 
mentioned configuration. However, since the thinning optical fiber B102 is joined to V typeface, the 
elastic deformation to the direction of y decreases, and can also make small the amount of displacement 
to the direction of y of probe 103 part. 

[001 1] as the example of a concrete numeric value — a diameter ~ each ~ the 20-micrometer thinning 
optical fiber AlOl — and Use the quality of the material of the thinning optical fiber B 102 as a quartz, 
and it reaches thinning optical fiber AlOl from the optical probe support substrate 108. If the include 
angle at which 500 micrometers, the thinning optical fiber AlOl, and the thinning optical fiber B102 
make each die length to which the thinning optical fiber B102 has projected is made into 45 degrees 
When the force is applied at the tip of this contiguity place light probe, the elastic coefficient about the 
variation rate of the direction of y increases hard 1000 times with 20000 N/m to the elastic coefficient 
about the variation rate of the x directions of a tip being set to m in 20Ns /. For this reason, when the 
same force is added, compared with the variation rate of the x directions of probe 103 part, it turns out 
that the variation rate of the direction of y becomes very small. 

[0012] It is connected with the original optical fiber 111 before thinning is carried out by the amount of 
[ of the thinning optical fiber AlOl ] root Motobe, and it can generate approaching space light from the 
minute opening 105 by carrying out incidence of the light 112 from the edge of the optical fiber 1 1 1 of 
the origin of this. Moreover, it becomes possible to detect approaching space luminous intensity by 
carrying out outgoing radiation of the propagation light from which the EBANESSENTO light detected 
by the minute opening 105 was changed within the thinning optical fiber AlOl from the edge of the 
original optical fiber 111. 

[0013] Next, the production approach of the approaching space light probe in this example is explained 
using drawing 2 - drawing 4 . Drawing 2 is drawing explaining the process which carries out thinning of 
the optical fiber using chemical etching. About 10mm is made to permeate the etching reagent 202 in the 
Teflon (trademark) container 201 from the tip of the optical fiber 203 in which die length of about 
50mm carried out the end-face cleavage. The configuration of the optical fiber used here is as follows, 
clad 204 path - as for the pure quartz and core quahty of the material, 20 micrometers and the quality of 
a clad plate dope [ 125 micrometers and core 205 path ] Ge02 at concentration % of 16 mols to a pure 
quartz. 

[0014] The presentation of an etching reagent 202 is NH4F(40% water solution) :HF(50% water 
solution):H2O=10:l:l. A core tip is radicalized while the diameter of a clad becomes small, as the clad 
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and core of an infiltration part are etched and an opti9al fiber 203 is shown in the optical fiber 209 in the 
middle of etching in drawing, when an etching reagent 202 is permeated. Since the core part by which 
GeO*s2 is doped having a low etching rate compared with a clad part, and (1) (2) optical fiber are 
extended and produced in case, as for this, a quartz is etched, an anisotropy arises in the extension 
direction and a direction perpendicular to it, and two of etching rates differing between the extension 
direction and a perpendicular direction have become a cause. After etching initiation, a clad part is lost 
by etching, a core part is exposed (core exposure part 206), and only the core part (radicalization part 
208) which was radicalized in the shape of a cone remains about 10 hours after. The situation at this 
time is shown in the optical fiber 207 at the time of the etching termination in drawing. 
[0015] According to the above process, the core exposure part 206 with a diameter of 20 micrometers 
and the thinning optical fiber in which radius of curvature has the conic tip configuration of having the 
radicalization part 208 1 micrometer or less can be obtained. Since this thinning optical fiber consists of 
only core parts of the original optical fiber, when the original optical fiber is a step index (SI) mold, core 
materials consist of a homogeneous ingredient and a tip becomes cone-Uke. Moreover, when the original 
optical fiber is a gray dead index (GI) mold, core materials become that to which component percentage 
changed firom the core gently toward the periphery, and although a tip is a cone-like mostly, it serves as 
configuration shifted for a while. 

[0016] The thinning optical fiber obtained by etching^ until a core is exposed, as explained above can 
form a conic probe at a tip mostly, and does not have a perpendicular field to a medial axis near the 
boimdary of a probe root and a thinning optical fiber side face, for this reason, the protection fi-om light 
firom the longitudinal direction described below ~ pubUc fimds ~ by group vacuimi evaporationo, partial 
thickness other than the minute opening formation part at a tip does not become thin, and an 
unnecessary leakage Ught is lost. Moreover, since it is possible to perform thinning and radicalization 
processing at a single process, the etching reagent of two or more presentations is not used for a 
muhistage story, and cost is reduced. 

[0017] Next, the formation approach of an approaching space light probe of having optical minute 
opening at the tip of the optical fiber in this example is explained. The aluminum vacuum evaporationo 

302 is performed fi'om a longitudinal direction, making it rotate to the circumference of a medial axis 

303 to the thinning optical fiber 301, as shown in drawing 3 , and the aluminum film 305 for protection 
fi-om light with a thickness of 150nm is formed. The tip of the thinning optical fiber 301 is the spherical 
surface which has the radius of curvature of 1 micrometer or less, and if metal vacuum evaporationo is 
performed fi"om a longitudinal direction to this, since the thickness at a tip will become thin compared 
with a side face, the optical opening 304 is formed. At this time, the size of opening is almost 
comparable as the radius of curvatxire at a tip. Thus, ^fter forming an approaching space Ught probe, 
fiision splicing of the optical fiber of sufficient die length for the edge of the opposite side is carried out 
to the probe of a thinning optical fiber, it lets this optical fiber pass, and light at the time of using it as an 
approaching space light probe is taken. 

[0018] Next, when scanning a probe using the approaching space light probe formed as mentioned 
above, the example of a configuration for making it a location gap of the longitudinal direction at the tip 
of a probe not arise is explained. In the former, when the optical probe which the optical ifiber and the 
pipet were radicalized and was produced is used for the distance control of a shear force method, the 
following problems arise. First, as shown in drawing 17 (a), a piezo-electric element 1703 is attached in 
the optical probe 1702 which has brought close and arranged the tip on the sample fi-ont face 1701 in the 
distance control of a shear force method, and the optical probe 1702 is vibrated in the x in drawing 
direction. Ideally at this time, the optical end of the probe carries out both- way vibration in the x 
directions like the arrow head shown in drawing 17 (b) which is drawing seen fi-om the sample side. 
However, since the optical probe which the optical fiber and the pipet were radicalized and was 
produced is cylindrical, the elastic coefficient about bending of x directions and the direction of y 
becomes the same. Therefore, while vibrating in the x directions, the oscillating component of the 
direction of y is excited, and the optical end of the probe rotates in the shape of an ellipse, or as shown 
in drawing 17 (c), as shown in drawing 17 (d), it exercises in the shape of [ of 8 ] a character, for this 
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reason, the location of observation, or processing and record where the optical end of the probe used a 
lifting and SNOM in the direction of y for the location gap ~ resolution will fall. 
[0019] Moreover, an optical fiber and a pipet are radicalized, the optical probe which cantilever-ized 
further and was produced contacts the end of the probe to a sample side, and when it uses for the 
distance control of the contact mode AFM method which detects the repulsive force of Van der Waals 
force, the following problems arise. In case an optical probe is made to scan in the direction of H-y as the 
cantilever form light probe which the tip was made to approach to a sample fi-ont face, and has been 
arranged is shown in drawing 18 whose sample side is drawing seen firom the field of the opposite side, 
the optical end of the probe receives the fiictional force fi^om a sample fi-ont face, and produces bending 
in the direction opposite to a scanning direction of -y. for this reason, the location of observation, or 
processing and record where the optical end of the probe used a lifting and SNOM in the direction of -y 
for the location gap — resolution will fall. 

[0020] On the other hand, it becomes possible to prevent a location gap of the longitudinal direction at 
the tip of a probe by joining so that V typeface may be formed near the tip of the thinning optical fiber 
which is the above, and made and formed another thipning optical fiber like this example. Specifically, 
the thinning optical fiber A401 produced as explained until now using the equipment shown in drawing 
4 , and another thinning optical fiber B402 which performed thinning using chemical etching similarly 
are joined to V typeface. First, the thinning optical fiber A401 is fixed to the probe support substrate 403 
using adhesives A404. Next, the thinning optical fiber B402 is applied to the xyztheta stage 405, and 
adhesives B407 are applied at the tip of a tacking meal and the thinning optical fiber B402 on a tape 
406. Finally, using a microscope, a video camera, etc. fi-om the 2-way of the direction of z in drawing, 
and the direction of y, and acting as a monitor, the xyz stage 405 is driven and it joins by performing 
alignment so that the tip of the thinning optical fiber 3402 with which the predetermined include angle 
was appUed to nothing and adhesives B407 near the tip of the thinning optical fiber A401 may come. 
After adhesives B407 fiiUy solidify, a tape 406 is removed and the thinning optical fiber B402 is fixed to 
the probe support substrate 403 using adhesives C408. 

[0021] Here, although the example of V typeface junction **** equipment was shown using adhesives, 
while opposing two needlelike electrodes, a part for a joint may be installed, and it may discharge to 
needlelike inter-electrode [ two ], and you may join by discharge welding. Moreover, C02 laser beam is 
irradiated and you may join to a part for a joint by laser welding. 

[0022] The configuration of the approaching space optical microscope of the shear force distance control 
mold using the approaching space light probe of V tj^eface produced according to the above process is 
shown in drawing 5 . The probe support substrate 502 which supports the approaching space light probe 
501 of V typeface in drawing 5 is attached in a piezo-electric element 503, and it is made to vibrate in 
the X in drawing direction by impressing a sinusoidal signal firom a fimction generator 504. If the 
fi-equency of a sinusoidal signal is made in agreement with the resonance firequency about bending of the 
X directions of the approaching space light probe 501 of V typeface at this time, approaching space 
probe 501 tip will resonate. Laser B505 to laser is irradiated from y near the approaching space Ught 
probe 501 tip of this resonance state, the two-piece-housing sensor 506 detects location change of that 
transmitted light beam spot, and the difference signal\of the two-piece-housing sensor 506 outputs the 
signal corresponding to the amount of vibration at approaching space light probe 501 tip. 
[0023] On the other hand, sample 508 front face carried on the xyz stage 507 is close brought at the tip 
of the approaching space Ught probe 501 of V typeface to the distance of lOOnm or less. At this time, a 
shear force (Van der Waals force) acts between the tip of the approaiching space light probe 501, and 
sample 508 front face, and the amplitude of vibration of approaching space light probe 501 tip 
decreases. The lock in amplifier 509 detects the ampUtude of this vibration based on the difference 
signal of the two-piece-housing sensor 506, and the reference sign of a fimction generator 504, and the 
direction feedback distance control of z of the xyz st2^ge 507 is performed using the distance control 
circuit 510 so that this may become fixed. At this time, the direction feedback distance control signal of 
z is inputted into a computer 517 as a configuration signal of sample 508 front face at coincidence. 
[0024] Furthermore, incidence of the laser beam from laser A512 is carried out to the optical fiber 511 
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linked to the approaching space light probe 501 with a condenser lens A513, and approaching space 
Ught is generated from minute opening prepared at approaching space light probe 501 tip. This 
approaching space light is scattered on sample 508 front face, this scattered light 514 is condensed with 
a condenser lens B515, and the photomultipUer tube 516 detects. The approaching space lightwave 
signal outputted from the photomultipUer tube 516 is inputted into a computer 517. 
[0025] the xy direction scan signal of the xyz stage 507 be output , and an approach space optical 
microscope image and a shear force ( force between atoms ) microscope image can be obtain from a 
computer 517 to coincidence according to the location at approach space light probe 501 tip to sample 
508 front face by map the magnitude of an approach space lightwave signal and a configuration signal 
on a display 518 . 

[0026] By using the approaching space light probe joined to V typeface mentioned above, it could 
decrease so small that the amount of blurring to the direction of y can disregard almost at the time of the 
X direction vibration of tfie approaching space hght probe for shear force detection, and the resolution of 
an approaching space optical microscope image and a shear force microscope image improved. In 
addition, the approaching space light probe explained here can be used also for micro-processing 
equipment and the record regenerative apparatus which used approaching space light in addition to the 
microscope, and has the same effectiveness. 

[0027] Drawing 6 is drawing showing the configuration of the approaching space light probe which used 
[ a part for the point which has a probe to a part for root Motobe ] the **** probe for the predetermined 
include angle for bending. The sectional view which looked at drawing 6 (a) from the upper part, and 
drawing 6 (b) are the sectional views seen from the side. In drawing 6 ,601 is thinning optical fiber A 
which has a cylinder cylindrical configuration with a diameter of 20 micrometers, and, similarly 602 is 
thinning optical fiber [ of a cylinder cylindrical configuration with a diameter of 20 micrometers ] B. 
The thinning optical fiber A601 is bent by the thetal=75 degree include angle from the tip of the 
thinning optical fiber A601 in the location of 100 micrometers. This situation is shown in drawing 6 (b). 
[0028] Radius of curvature is radicalized in a cone configuration to 1 micrometer or less, and the tip of 
the bent thinning optical fiber A601 constitutes the probe 603, As metal coating of the sake for 
protection from li^t, aluminum coating 604 for protection from light of 150nm of thickness is 
performed to the perimeter of the thinning optical fiber A601 . The minute opening 605 with a magnitude 
of lOOnm or less is formed at the tip of a probe 603 for the diameter. 

[0029] The end of the thinning optical fiber B602 is joined by the location of 150 micrometers with 
adhesives B606 from the tip of the thinning optical fiber A601, and a part for a joint 607 is constituted. 
A part for root Motobe of tiie thinning optical fiber A601 is being fixed to the optical probe support 
substrate 608 with adhesives A609. The other end of the part for a joint 607 and the opposite side of the 
thinning optical fiber B602 is being fixed to the optical probe support substrate 608 witii adhesives 
C610. 

[0030] The displacement of probe 603 part at a tip in the direction of z is attained by producing the 
elastic deformation to the direction of z shown in the thinning optical fiber A601 all over drawing by the 
above-mentioned configuration. However, since the thinning optical fiber B602 is joined to V typeface, 
the elastic deformation to x directions decreases and can also make small the amount of displacement to 
the X directions of probe 603 part. 

[0031] as the example of a concrete numeric value ~ a diameter ~ each ~ the 20-micrometer thinning 
optical fiber A601 - and Use the quality of the material of the thinning optical fiber B602 as a quartz, 
and it reaches thinning optical fiber A601 from the optical probe support substrate 608. If the include 
angle at which 3mm, the thinning optical fiber A601,\and the thinning optical fiber B602 make each die 
length to which the thinning optical fiber B602 has projected is made into 45 degrees When the force is 
applied at the tip of this contiguity place light probe, the elastic coefficient about the variation rate of the 
direction of y increases hard 35000 times with 3500 N/m to the elastic coefficient about the variation 
rate of the x directions of a tip being set to m in O.lNs /. for this reason, the case where the same force is 
added ~ the variation rate of the direction of z of probe 603 part - a ratio ~ it tums out that the variation 
rate of BE and x directions becomes very small. 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



11/17/06 



)P,2002-162332,A [DETAILED DESCRIPTION] 



Page 8 of 11 



[0032] It is connected with the original optical fiber 611 before thinning is carried out by the amount of 
[ of the thinning optical fiber A601 ] root Motobe, and it can generate EBANESSENTO light fi-om the 
minute opening 605 by carrying out incidence of the light 612 fi-om the edge of the optical fiber 61 1 of 
the origin of this. Moreover, it becomes possible to detect approaching space luminous intensity by 
carrying out outgoing radiation of the propagation Hght fi-om which the approaching space light detected 
by the minute opening 605 was changed within the thinning optical fiber A601 fi-om the edge of the 
original optical fiber 611. 

[0033] Next, the production approach of an approaching space light probe that the tip of this example 
was bent is explained using drawing 7 - drawing 15 . Drawing 7 is drawing explaining the process which 
bends a thinning optical fiber tip by C02 laser light exposure. The optical fiber 701 which carried out 
thinning using chemical etching the same with having explained using drawing 2 in this example is 
fixed to the thinning optical fiber supporter material 702 which makes a theta2=45 degree include angle 
to a horizontal plane. The C02 laser light 704 which used the condenser lens 703 for the location of 140 
(=100xroot2) mum from the tip, and condensed the diameter of the beam spot to 50 micrometers is 
irradiated. Thereby, the laser beam exposure location 705 of the thinning optical fiber 701 fiises, and 
since it is surface tension, probe 706 tip tends to bend in the direction of z in drawing. 
[0034] At this time, by attaching beforehand the deflection stopper 708 which makes a theta3=30 degree 
include angle to a horizontal plane on the xyz stage 707, and arranging the deflection stopper's 708 tip in 
the middle of the deflection path of a probe 706, the deflection of a probe 706 bends and it is restrained 
by the stopper 708. By suspending C02 laser light 704 exposure after this, the tip of the thinning optical 
fiber 701 can be bent at the include angle of 75 degrees (= 45 degrees +30 degrees). Here, deflection 
processing at a desired include angle can be performed by adjusting the include angle of the thinning 
light supporter material 702 or the deflection stopper 708. 

[0035] Here, in case a C02 laser is irradiated, the advantage which processes it aslant (this example 45 
degrees) in support of a thinning optical fiber is explained. Drawing 8 is drawing showing the example 
which supported the thinning optical fiber horizontally on the occasion of a C02 laser exposure. 
[0036] In drawing 8 , if the C02 laser light 802 is irradiated from a tip for a while to the thmning optical 
fiber 801 supported horizontally in a front location, the laser beam exposure location 805 will fiise and it 
will bend above [ in drawing ]. Consequently, the probe tip 803 which was radicalized in the chemical 
etching of a last process goes into the exposure range of C02 laser light, and serves as the probe 804 to 
which the radicalized tip fused and the tip was round. Consequently, the diameter of opening formed 
with the below-mentioned opening formation process will also become large, and the resolution as an 
approaching space light probe will fall. 

[0037] On the other hand, it can avoid that a radicalization tip is round, without a tip going into the C02 
laser exposure range, also after bending at about 75 degrees if it supports aslant at the include angle 
which shifted the medial axis of the thinning optical fiber 701 from the perpendicular to the C02 laser 
light direction of radiation as shown in drawing 7 (even when there being no deflection stopper). 
Moreover, in case a C02 laser is irradiated, the advantage which processes it using a deflection stopper 
is explained. Drawing 9 is drawing showing the example which bends in the case of a C02 laser 
exposure, and does not have a stopper. 

[0038] In drawing 9 , if the C02 laser light 903 is irradiated from a tip for a while in a front location to 
the thinning optical fiber 902 aslant supported using the thinning optical fiber supporter material 901, 
the laser beam exposure location 904 will fiise and it will bend above [ in drawing ]. Then, the probe 
with which whenever [ comer of a street / of a tip ] differed greatly as it is difficult to control whenever 
[ comer of a street ] at a desired include angle since it becomes rapidly and large as, as for a deflection 
rate, whenever [ comer of a street ] becomes large, although laser radiation is suspended and deflection 
is stopped and A, B, and C showed to drawing 9 as a result tends to be obtained. On the other hand, if it 
bends as shown in drawing 7, and a stopper is used, the probe which has whenever [ comer of a street / 
of a desired include angle ] is producible with the sufficient yield. 

[0039] Next, the thinning optical fiber 1001 with which the tip was bent as shown in drawing 10 is 
supported to the thinning optical fiber supporter material 1007 at the time of rotation coating leaned to 
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the theta4=15 degree include angle to the rotation stage 1006. At this time, the tip where the thinning 
optical fiber 1001 was bent is turned in the direction of a normal of a rotation stage side, and is arranged. 
The rotation stage 1006 rotates by making the direction of a normal of a stage side into a medial axis 
1003. The aluminum vacuum evaporationo 1002 is performed from a longitudinal direction in this 
condition, and the aluminum film 1005 for protection from light with a thickness of 150nm is formed. 
The tip of the thinning optical fiber 1001 is the spherical surface which has the radius of curvature of 1 
micrometer or less, and if metal vacuum evaporationo is performed from a longitudinal direction to this, 
since the thickness at a tip will become thin compared with a side face, the optical opening 1004 is 
formed. At this time, the size of opening is almost comparable as the radius of curvature at a tip. 
[0040] When it is made to rotate by making the revolving shaft in the case of rotation metal vacuum 
evaporationo in agreement with the medial axis of the bending part at the tip of a thinning optical fiber 
and is the approaching space light probe with which whenever [ comer of a street ] varied, the direction 
of minute opening can be made in agreement here in the direction of the medial axis of the bending part 
at the tip of a thinning optical fiber. However, as sho^ in drawing 1 1 , when approaching space Ught 
probes CI 101 and Dl 102 which are different to the actually used equipment are attached, the direction 
of the minute openings CI 103 and Dl 104 is not in agreement with the direction of a normal on a 
processed front face, a sample front face, and the front face 1 105 of a record medium, a various 
direction turns to, the distribution directions of the approaching space light to generate will differ, and a 
location gap will produce in the case of processing, observation, and record playback. 
[0041] On the other hand, as shown in drawing 12 , in case the include angle theta 4 leaned in case the 
thinning optical fiber 1001 with which the tip was bent is fixed to the rotation stage 1006 is attached in 
the equipment which uses the approaching space lig^t probe of this example, it can be made in 
agreement with the include angle which puts the medial axis 1206 of an approaching space Ught probe 
to a processed front face, a sample front face, and the record-medium front face 1201. Namely, the 
thinning optical fiber with which whenever [ comer of a street ] has varied as it bends at the time of 
bending by C02 laser exposure and is shown in drawing 9 by tiiis not using a stopper is also received. 
Although rotation metal vacuum evaporationo is performed as shown in drawing 10 , opening formation 
is performed and the direction of the produced approaching space light probe A 1202 and the minute 
openings A 1204 and B1205 at B1203 tip differs from the deflection direction at the tip of a thinning 
optical fiber It can be made surely in agreement with the direction of a normal on a processed front face, 
a sample front face, and the front face of a record medium. 

[0042] Now, as explained until now, the resin coat 1302 is performed so that minute opening 1301 part 
may be covered, as a tip is shown in drawing 13 to bending and the thinning light probe 1303 in which 
minute opening was formed. It is avoidable that minute opening is closed at the time of aluminum 
vacuum evaporationo of a next two-step time with this resin coat. How to perform a resin coat is 
explained using drawing 14 . The thinning light probe 1401 which formed bendmg and minute opening 
for the tip is fixed to the susceptor 1403 on the z stage 1402. The z stage 1402 is driven to down [ of 
drawing 14 ], and minute opening 1405 part at thinning optical fiber 1401 tip is made to permeate the 
resin solution 1404. Then, the z stage 1402 is driven to above [ of drawing 14 ], and a resin coat is 
performed at a tip by pulling up thinning optical fiber 1401 tip from the resin solution 1404. 
[0043] Here, as a resin solution, resin removable [ with a solvent ] later, for example, acrylic resin, a 
resist, etc. can be used. Here, since the elastic coefficient concerning [ the thinning optical fiber 1401 ] 
bending of the direction of z in drawing is small, even not only minute opening 1405 part but a root will 
permeate with the surface tension of the resin solution 1404. Then, it shows and sinks in drawing 14 , a 
stopper 1406 is attached, and it is made to arrange so that the part near a part for the bend section at the 
tip of the thinning light 1401 may be supported from down. Thereby, the resin coat only of the minute 
opening 1405 part at thinning optical fiber 1401 tip cp be carried out altematively. 
[0044] Next, the aluminiun vacuum evaporationo 1504 is performed from a longitudinal direction, 
making it rotate to the circumference of a medial axis 1506 to the side face of the thinning optical fiber 
1503 used as minute opening 1501 part resin coat 1502, as shown in drawing 15 , and the aluminum film 
1505 for protection from light with a thickness of 150nm is formed. Then, ultrasonic cleaning removes a 
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resin coat in a solvent. By [ two steps of] performing aluminum vacuxmi evaporationo while making it 
rotate, generating of the unnecessary leakage light from the boundary parts of a resin coat part and a 
coat-ed part is avoidable in the above order. 

[0045] From now on, a next process will take light at the time of carrying out fusion splicing of the 
optical fiber of sufiBcient die length for the edge of the opposite side to the probe of a thinning optical 
fiber like, letting this optical fiber pass, and using it as an approaching space light probe mentioned 
above. Furthermore, thinning optical fiber A produced as explained until now, and another thinning 
optical fiber B which performed thinning using chemical etching similarly are joined to V typeface 
using the equipment shown in drawing 4 , and the approaching space light probe of the V character 
cantilever form shown in drawing 6 is produced. 

[0046] The configxiration of the approaching space light probe scan processing equipment of the contact 
AFM distance control mold using the approaching space Ught probe of the V character cantilever form 
according bending to a **** probe is shown in a part for the point produced according to the above 
process at drawing 16 . In drawing 16 , laser B 1603 to laser is irradiated from behind near the tip of the 
approaching space light probe 1601 of a V character cantilever form attached in the probe support 
substrate 1602, and the two-piece-housing sensor 1604 detects location change of the reflected light 
beam spot. The difference signal of the two-piece-housing sensor 1604 is an AFM signal corresponding 
to the amount of bending of the direction of z at approaching space Hght probe 1601 tip, and inputs this 
into a computer 1608. ^ 

[0047] On the other hand, extent which the Van der Waals force below E-107 [N] commits is made to 
contact by driving the xyz stage 1605 in the direction of z to resist 1606 front face on the substrate 1607 
which carried the tip of the approaching space light probe 1601 on the xyz stage 1605. A xyz stage 
driving signal is outputted from a computer 1608, and the two-dimensional scan of the xyz stage 1605 is 
made to carry out in the xy direction in this condition. 

[0048] To the xy direction driving signal of the xyz stage 1605, by mapping the magnitude of an AFM 
signal, the shape of surface type of a resist 1606 can be known, and alignment at approaching space hght 
probe 1601 tip to a resist 1606 1607, i.e., a substrate, ^is performed in a computer 1608 based on this. 
Furthermore, incidence of the laser beam from laser A1610 is carried out to the optical fiber 1609 linked 
to the approaching space light probe 1601 with a condenser lens A161 1, and approaching space Ught is 
generated from minute opening prepared at approaching space light probe 1601 tip. 
[0049] When contacting approaching space light probe 1601 tip to extent which the Van der Waals force 
below E-107 [N] conraiits in between to resist 1606 front face, both spacing is lOOnm or less, and the 
approaching space luminous intensity in resist 1606 front face is large enough. When alignment of the 
approaching space light end of the probe is carried out to a position to resist 1606 and a substrate 1607 
based on xy driving signal and the AFM signal of the xyz stage 1605 which are outputted from a 
computer 1608, based oh the laser control signal outputted from a computer 1608, it controls an optical 
exposure and un-irradiating, and latent-image pattern 1612 formation is performed to exposure 1606, 
i.e., a resist. [ of laser A1610 ] It is the same as that of the usual semi-conductor process after this. 
[0050] By using the cantilever form contiguity place light probe joined to V typeface mentioned above, 
it could decrease so small that the amount of bending to the direction of y can disregard almost at the 
time of the direction scan of y of the approaching space light probe at the time of exposure, and the 
process tolerance of approaching space light micro-processing equipment improved. In addition, the 
approaching space li^t probe explained by this example can be used also for the microscope and record 
regenerative apparatus which used approaching spacq light in addition to micro-processing equipment, 
and has the same effectiveness. 

[0051] Moreover, although this example explained the case where a contact AFM control system was 
used, as a distance control method of the approaching space light probe to a resist (sample, record 
medium) front face, the approaching space light probe of this example can use a tapping AFM control 
system and a non contact AFM control system for others by changing the diameter of a probe, and die 
length and changing the value of the elastic coefficient of the bending direction. 
[0052] 
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[Effect of the Invention] As explained above, according to this invention, by fixsing a processing beam 
exposure part and performing a processing beam exposure to the processing beam direction of radiation 
at the include angle which shifted the approaching space Ught probe from the perpendicular in the 
production approach of a cantilever form contiguity place hght probe of performing bending, the tip 
round-head ball by melting can be avoided, and the approaching space light probe of high resolving 
power is realized. 

[Translation done.] ^ 
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